:
The Earliest Epidemics in this Country There are two main objects in this review of the early history of poliomyelitis in this country. The first is to see whether the distribution of groups of cases suggests that at some time or times there was recognizable importation of an epidemic type of virus from abroad. The second object is to examine the problem of recurrence of epidemics in certain places which the President (Hill, 1954) discussed in his Address last year. I have concentrated particularly on the years 1910 and 1911 because I think that they were the years in which the first widespread epidemics occurred and "beginnings" are always interesting. THE PERIOD UP TO 1910 There is a possibility that Badham (1836) may have been describing a group of 4 cases in Worksop in 1835. He says that the first 2 children fell ill within a few days of one another about August 14 and he implies that the other 2 cases occurred subsequently. His paper in the Medical Gazette is dated October 17, 1835. Now the population of Worksop in 1831 was 5,566 and 4 cases in one summer seems rather excessive for a purely sporadic disease. After this I have been unable to find any evidence of "connected" cases for a very long time but throughout the later years of the nineteenth century single cases were often being shown at meetings of medical societies and the clinical picture and the pathology of the disease became well known to neurologists but probably not to doctors in general. THE PERIOD 1890 -1909 In 1890 Medin (1891) gave his paper on the epidemic in Stockholm of 1887 and I think that this was the first communication which attracted general attention in this country to the possibility of the occurrence of epidemics of poliomyelitis though I have found a short annotation in the Lancet of 1888 which refers to Cordier's account of 13 cases at Sainte-Foy-l'Argentiere in 1885. This annotation ends with the words "May not infantile palsy be akin to the acute specific fevers or acute lobar pneumonia with its localization in the cord instead of in the skin or lungs?" In the nineties two members of the staff of Queen's Square Hospital, Taylor (1893) and Buzzard (1898) , discussed the question of communicability and gave examples of multiple cases in families and of little concentrations of cases in restricted areas. In July 1896 there occurred the family outbreak described by Pasteur (1896) at Much Hadham in Hertfordshire. This appears in most of the historical summaries as the first epidemic recorded in England. Pasteur's account is interesting from the clinical point of view in that all 7 children in the family were taken ill within ten days. 3 developed paralysis of limbs, I a transient squint and the other 3 had febrile illnesses without paralysis. Thus as early as 1896 Pasteur recognized that non-paralytic cases could occur. Some of these are indefinite stories but I think they suggest that as early as the nineties small groups of cases were occurring and that Pasteur's experience was not unique. There may well have been small outbreaks which were confused with cerebrospinal fever. I do not think, however, that there can have been epidemics on the scale of 1910 and after, because our fathers and grandfathers were pretty good at clinical descriptions and an epidemic of poliomyelitis is a dramatic event.
In 1902 Batten reported that he had seen an unusual number of cases at Great Ormond Street Hospital, especially in August and in the same year Stevens (1902) had seen a number of cases in Cardiff. In 1904 Batten (191 la, b) collected 45 cases at Great Ormond Street Hospital. He made a chart of their distribution which shows 10 cases in the borough of Islington.
Between July 27 and September 16, 1908, there were 8 cases in the Allage of lJpminster in Essex with a population of 1,477 (Treves, 1909) . This is the second epidemic of the historical summaries. lJpminster is about six miles northwest of Gray's Thurrock which was one of the places heavily attacked in 1926. In 1909 Parker (1911 reported 37 paralytic cases in Bristol. Writing in 1911, Batten said "It has, of course, long been recognized that poliomyelitis is prevalent during the summer months in London and especially during August and September. I have a record of undue prevalence in 1902."
The year 1909 is a convenient one for a pause to take stock because the picture becomes more complicated in 1910. I suggest that from about 1890 the disease was not very uncommon in hospital practice in big cities, that it showed the seasonal incidence which we associate with epidemics and that incidence varied a good deal from year to year. Even in these early years occasional examples of multiple cases in families were being reported. At the end of the period we have an example of the kind of village outbreak-Upminster 1908-which has become only too familiar in the years since then, and in 1909 we have the account of high prevalence in a large city-Bristol. THE YEAR 1910 I would lay stress on the fact that I am discussing the year 1910 and not the very hot summer of 1911 which has often, I think unjustly, been blamed for starting epidemic poliomyelitis in this country.
The principal authorities for all that follows are Batten and the Medical Officers of the Fig. 1 is a spot map of the information available about distribution in the whole country in 1910 slightly modified from a map of Batten's (191lb) . Some of the places included had very few reported cases but I thought it best to include them to show that the disease was not confined to those places which are generally included in the lists of notable epidemics. The points on the map do, however, represent very different things. Edinburgh and Tillicoultry.-Low (1912) analysed 62 cases seen at hospitals in Edinburgh during 1910 and there is other evidence that 1910 was a year of high prevalence (Brit. med. J., 1910) . The incident at Tillicoultry was reported by Currie and Bramwell (1911) .
Tillicoultry is a small town in Clackmannanshire 9 miles east of Stirling and in October 1910 there were 5 cases, 4 paralytic and 1 non-paralytic among 12 children living in an isolated homestead two miles outside the town. At about the same time there were 3 cases in the town itself.
Tyneside.-Batten (191la, b) mentions prevalence in Hexham, Newcastle and South Shields but the only detail given is that there were 5 cases at South Shields.
Cunmberland, Barrow (Fig. 2 ).-Details of prevalence in this part of the world were collected by Garrow (1910) 1935 and 1938, and it is interesting that it was the scene of the first extensive rural epidemic in this country. Farrar found 74 cases which he thought were cases of poliomyelitis. Irthlingborough (Farrar, 1912b) .-This is a small town in Northants. There were some 30 cases with spinal pain and tenderness and 4 fatal cases in one house. A month later there were 3 paralytic cases in a village near-by.
Gloucester.-Batten (191la, b) was told of the occurrence of 3 cases in one family. Cerne, Dorset.-Farrar (1912a) investigated this outbreak in the small village of Cerne Abbas and the near-by hamlet of IJp-Cerne. There were 15 paralytic cases with 2 deaths between September 29 and October 31, 1910-an attack rate of the order of 30 per 1,000 paralytic cases which must be among the highest recorded in this country. There were 3 cases in each of two households and 2 cases in another two. I commend Farrar's account to anyone who believes that poliomyelitis did not occur here in epidemic form before 1947. There were 5 cases with 1 death in Weymouth 25 miles south of Cerne Abbas (Barclay, M.O.H., quoted by Batten, 191 la, b) . There was another small outbreak in Dorset at Beaminster in 1914 to be mentioned later. THE YEAR 1911 1911 was a year of very heavy and widespread incidence-perhaps the worst year up to 1947 although it is impossible to tell because there was no compulsory notification. It is not easy to summarize the available information. I have made a spot map (Fig. 4 )-after Batten-and have tried to make a rough distinction between different kinds of prevalence. First there is evidence of high prevalence in some big cities, secondly of widespread rural epidemics and thirdly of small town and village outbreaks. Each type shades imperceptibly into the others.
(1) Big Cities In London the disease was made notifiable, largely at the instance of Batten, in September and 69 cases were notified by the end of the year. This probably represents a high but not a very high incidence.
In Birmingham Parsons (1913) collected 159 cases in the city itself and estimated that there must have been more than 200 in and near the city. In one family there were 3 paralytic and 2 non-paralytic cases (Wilkinson, 1911) .
In Leeds.-Coplans, to whom I am indebted for a recent personal communication (1954) , thought that there must have been at least 200 cases in the city and neighbouring parts of the W. Riding (see Batten, 1913 and Brit. med. J., 1911) .
In Plymouth Soltau (1911) reported 73 cases in the three towns-Plymouth, Devonport and E. Stonehouse-which now make up the county borough of Plymouth. There seems to be no doubt that this outbreak occurred late in comparison with the cases in Devon and Cornwall to be discussed. Plymouth is not very near the main foci of the epidemic in Devon and Cornwall.
(2) Widespread Rural Epidemics (a) Devon and Cornwall (Reece, 1912 (b) East Anglia.-There is no comprehensive report on the epidemic in East Anglia and the historical summaries are misleading in that they give the impression of localized outbreaks whereas in fact there was a very wide distribution of disease with concentrations in widely scattered places-a distribution very like that in Devon and Cornwall and probably on much the same scale. I have tried to reconstruct a spot map (Fig. 6 (Henderson, 1912 (Henderson, , 1915 Stephen and many miles from Kendal. There he saw a schoolboy with a paralysed arm which had come on suddenly ten years before, i.e. in 1901. He was told that in 1898 another boy and a girl of 4 had developed paralysis within ten days of one another. Circa 1869 three boys in the village had developed paralysis within ten days of one another.
Westmorland is another of the areas which was chosen for special study by our President last year (Hill, 1954 year (Hill, ) with epidemics in 1922 year (Hill, , 1924 year (Hill, , 1937 year (Hill, , 1940 In 1913 there was a second epidemic at Barrow and at the very beginning of the epidemic of 1947-in late June or early July-there was another explosive outbreak there.
(3) Small Town and Village Outbreaks In addition to these accounts of fairly widespread outbreaks in 1911 there are many accounts of apparently isolated incidents. About some of them there are published papers and others only achieve a mention by Batten (1916) or Reece (1912) .
(a) Swadlingcote (Moir, 191 1) .-This is a small mining town in South Derbyshire and between June and August there were 25 paralytic cases with 7 deaths.
(b) Whittington (Tomkys, 1912) .-This is a village in Staffs. about 11 miles from Swadlingcote in the direction of Birmingham. There were 7 paralytic cases-2 in one household.
Proceedinqs of the Royal Society of Medicine 32 (c) Winchester (England, 191 1).-England saw 8 cases and said that he knew of 2 more This may have been part of a wider prevalence in Hampshire because Reece (1912) mentions Alresford, Lymington and Christchurch. (d) Deddington (Roth, 1913 Council, 1913) .-There were 10 cases, 3 in one family. This may have had some connexion with Barrow and Westmorland.
Morecambe-5 cases reported by Batten (1913) . (f) Carmarthen.-This only achieves a mention by Low (1915-6) but is interesting because it seems far away from the centre of things and because it came into the picture again in 1938.
(g) Two small places in Yorkshire-Malton and Masham-are mentioned but no details are given. THE YEARS 1912-15 In his Lumleian Lectures, Batten (1916) gives a series of maps for the years 1912-15 which show the notifications by counties with the County Borough figures included with the appropriate counties. In these years there are not many papers or special reports about individual outbreaks but there are a few which I should mention.
1912: I have been unable to find any papers or special reports. 1913: The most important report is that of Macewen (1914) which I have mentioned already. It is concerned with an epidemic in Barrow and the neighbouring districts of Ulverston IJ.D. and R.D. and Dalton-in-Furness IJ.D. There were a few cases in Westmorland. In all there were 56 cases.
Jubb (1913) reported 7 cases in West Kirby 1J.D. in the Wirral peninsula. There had been one case here in 1912.
1914: Pim (1914) and McLaren (1914) reported 16 cases at Beaminster in Dorset which is 12 miles from Cerne Abbas the village which was so prominent in 1910. It seems likely that the peak of the epidemic wave was reached in 1911, and that it declined steadily after that. In the war years there is no mention of poliomyelitis until 1917 when MacNalty (1918) reported on an outbreak in Esher and the Dittons in Surrey, Macewen investigated a few cases at Cambridge and Candler reported on a small outbreak at Cheltenham College for boys. CONCLUSIONS The epidemiology of poliomyelitis in the years just before the First World War was quantitatively rather than qualitatively different from the epidemiology of the disease between the Wars and even that of recent years. It is possible that there were as many cases in 1911 as there were in 1947 but I do not hold that view myself. I can find no evidence that there was an identifiable importation of an epidemic strain of virus at any time. It is true that ports figured largely in the early history, as they did between the Wars. But they were such odd ports for an importation theory. I should have thought that the most likely ports for importation in the early years would be those trafficking with Scandinavia or the United States and not Bristol, Barrow-in-Furness or Weymouth. If the epidemic strain arrives at ports why does Leicestershire come into the picture so early? I find the problem of recurrence fascinating but irritating. One feels that there must be some quite simple and obvious explanation. It is easy enough to think of reasons for extension of disease into a neighbouring district or for a recurrence within a year or so but how can one explain the very long intervals of freedom which seem to occur sometimes? If chronic intermittent carriers are the solution they must be very intermittent.
Studies on the Distribution ofPoliomyelitis Viruses in England and Wales
The virus research laboratory makes two specific contributions to the epidemiology of poliomyelitis; firstly, by the serological typing of strains of virus and secondly, with the diagnosis of subclinical infections. By exploiting these two approaches, the epidemiologist can more accurately plot the dimensions of poliomyelitis infection, viz. the number of infections, their time of occurrence and their geographical distribution. The interrelation of these dimensions is such that each can only be described in terms of the other; thus, any consideration of the geographical distribution takes into account both the number of infections and the time over which they occur. Techniques which yield the basic information in the laboratory are of two sorts: (1) the isolation of virus and its serological classification, and (2) the detection of neutralizing antibody. The former gives an indication of the presence of current infection, and the latter indicates whether infection has ever taken place in an individual. Both types of test have been greatly facilitated by the use of tissue cultures for the cultivation of poliomyelitis virus (Enders, 1952) and both are specific for each of the three serological types of virus. Information derived from these tests, performed on carefully selected material, permits useful comparative studies to be made (Melnick, 1954) . Communities that differ geographically may be compared by examining samples taken at the same time; or the same community can be compared at different times; or changes over a period can be compared in different communities.
The poliomyelitis experience of two areas can be compared using the age-antibody pattern as determined on a sample of each group. For example, Paul et al. (1952) showed that in Cairo 60% of children have acquired neutralizing antibody for type 2 poliomyelitis virus by the age of 1 year, but children in Miami acquired antibody at a much slower rate and reached the same extent of infection only between 10 and 14 years of age. Moreover, 98 % of clinical cases of poliomyelitis in Cairo occur in the first four years of life, whereas only 20°occur in this age group in Miami. Similar differences between children in Korea and Cincinnati have been shown by Sabin (1951) .
Turner and his colleagues (1950) in Baltimore compared different socio-economic groups in the same geographical locality and found that in the lower social group, a predominantly negro population, there was at the corresponding age level, a greater infection rate than in the higher group, all composed of whites. The determining factor of the different infection rates of Cairo and Miami, or Cincinnati and Korea, therefore, is probably primarily social -Present address: Wellcome Research Laboratories, Beckenham, Kent. and not strictly geographical, reflecting the differing standards of hygiene and sanitation of the groups.
An interesting by-product of this type of geographical study was the conclusion that age played an important part in the outcome of infection. In the less civilized communities with a high infection rate at an early age, the paralytic rate was surprisingly much less than among those contracting infection at a later age in the civilized groups. No adequate explanation for this has been found, other than the hypothesis of a different biological response to infection with poliomyelitis virus at different ages. Confirmation of this is offered by the work of Melnick and Ledinko (1953) ; these workers examined a sample of children from a city's population for the presence of antibody before and after an epidemic. They were able to measure the subclinical infection rate and to compare it with the clinically observed paralytic rate. The ratio of cases to subclinical infections varied according to age from 1 to 175 in the youngest age group of less than 1 year, up to 1 to 64 in the age group 5 to 10 years.
The geographical differences in rates of infection with poliomyelitis virus may not run parallel for all three serological types of virus. Hammon and Sather (1953) surveyed three communities, San Francisco, Guam and Mexico City, for the presence of antibody at two age levels, 5 years and 10 years. In Guam, 100 % of children were infected with type 2 at age 5, while type 1 had infected only 50 % at age 5 and infections with type 3 were infrequent. In San Francisco the rate of infection with all types was low. In Mexico City there was a moderate infection rate with all three types; compared with Guam, the type 3 rate of infection was higher and the type 2 infection rate was lower.
The frequency distribution of serological types of virus isolated from clinical cases shows interesting geographical differences. In Scandinavia, 98% of strains isolated were type 1 (Wesslen, 1954) ; in the United States, 78% of strains were type 1, 7% type 2 and 15 % type 3 (Syverton et al., 1954) . However, type 2 has been found more frequently in Britain than elsewhere, as shown in Table I 144 of these subjects were cases of paralytic poliomyelitis, some of them fatal; the majority were due to type 1 virus, but one-third were due to type 2. Table I also shows that the distribution of types varies from year to year. The distribution of the types isolated from these paralytic cases in the counties and Registrar-General's Regions of England and Wales is shown in Fig. 1 . The absence of types from some counties of Wales and Western England is probably due to the small numbers of specimens examined from these regions. Likewise, the counties from which only one or two types of virus have yet been isolated are principally those from whom small numbers of specimens have been examined; for example, in five counties, Cambridgeshire, Cumberland, Devon, Nottinghamshire and Surrey, only type 1 virus has yet been found and in the case of Devon, this represents four strains isolated over a period of three years. Regions representing combined counties provide a larger sample of cases from which the distribution can be calculated, when the types appear more evenly distributed through the country. There is little evidence that virus types remain localized to any particular geographical locations or that certain areas favour particular types indefinitely. However, in a single season regional differences may appear.
During 1953 a careful survey of types responsible for paralytic cases was carried out. Briefly the basis of the sample was as follows: In each of the 14 Hospital Regions, between 3 and 12 hospitals agreed to submit specimens from 2 paralytic cases admitted from different quarters of the area served by the hospital. In addition, specimens were sent from all cases associated with tonsillectomy or prophylactic inoculations. In this way just over 3 % of all notified cases of paralytic poliomyelitis from England and Wales were typed. Although the method of sampling resulted in some variation of the proportion of cases examined in each region (Table II) , they may be regarded as fairly representative of the season's incidence. Several points of interest emerged. Type 2 (47 % of all cases) was the most frequent and type 3 (10%) the least frequent type found. Cases due to types 1 and 2 were widely distributed throughout England and Wales, but type 3 was only found in cases in the North of England (Fig. 2) . In ten towns viruses were isolated from more than one case; in half these instances the viruses were of the same serological type, and in the other half they were of different types. A further point which was thought worth investigating was to see whether the type distribution varied according to prevalence of paralytic illness. Two comparisons were made. The first compared the type distribution in counties and county boroughs which have shown a consistently higher observed/expected attack ratio (Hill, 1954) with that in areas showing a low observed/expected ratio.
Secondly, the type distribution in Regions showing higher than average paralytic attack rates in 1953 was compared with that in Regions showing lower than average rates. Both comparisons showed the same trends; the ratio of type 1 to type 2 cases did not differ significantly and all the type 3 cases came from areas of lower general prevalence. Thus, in 1953 the higher prevalence of paralytic disease of Regions IV, V, VI and VII was not related to the prevalence of a particular serological type. The distribution of types in 1953 contrasts sharply with that found in a similar, but less extensive survey in 1954 (see Table I ). In 1954 type 1 has remained the predominant type, having been found in about 90 % of all cases. The replacement of the prevailing type 2 of 1953 by type 1 in 1954 is well illustrated in studies we have carried out in East Anglia, where sewage has been examined for poliomyelitis viruses at quarterly intervals in three localities (Fig. 3) . In April 1953 type 2 virus was isolated from the sewage of a village in Hertfordshire. The first case occurred in this village in July and was due to virus of the same type. Also in July type 2 virus was isolated from the sewage of two towns in East Suffolk, and about the same time types 1 and 2 viruses were obtained from cases widely scattered through Region IV. In November type 2 virus was isolated from the sewage of two of the communities and type 1 virus from the third; types 1 and 2 viruses were isolated from cases occurring elsewhere in the Region. Throughout 1953, in this Region, from sewage type 2 virus was isolated six times and type 1 virus once, and from cases type 2 virus was isolated six times and type 1 virus twice. This number of cases represents about 3-3 % of all paralytic cases in the Region. The preliminary data from 1954 show that viruses have been isolated in this Region from 11 cases and once also from sewage, all of which were type 1. The small outbreak indicated on the January 1954 map (Fig. 3) , provided an opportunity of investigating the distribution of poliomyelitis virus at an epidemic time in a smaller geographical unit than has been considered so far. This has been described in detail elsewhere (Goffe and Parfitt, 1955) . Evidence was obtained of wide distribution of the virus through the town of 7,700 inhabitants and the surrounding rural district, both at the time the cases first occurred and two months later, in spite of stringent quarantine measures imposed on the families of the cases. The subclinical infection rate of the household con- . tacts of these cases was nearly 50 %. The relation between this outbreak and the prevalence of type 1 infection in near-by areas later in the summer remains conjectural, but it is interesting that an asymptomatic family contact of one of the early cases continued to excrete virus in faces for three months.
SUMNMARY
Variations in the distribution of serological types of virus isolated from paralytic cases of poliomyelitis in this country have been found; variations between seasons in the same geographical locality have been more remarkable than between different regions in the same season; in 1953 the most striking regional difference was the confinement of type 3 virus to cases in the North of England; regions of higher prevalence of disease do not appear to be characterized by a type distribution differing from that of the country as a whole.
Dr. W. P. D. Logan (General Register Office, London): Fig. 1 shows the distribution of notified paralytic poliomyelitis and its fatality ratio in the various regions of England and Wales during 1.950-53. Prevalence was high in the South-West and in the Midlands, low in the North-West and Wales. Differences in fatality were small. Table I gives similar data for the density aggregates, and shows that prevalence during. 1950-53 was higher in rural areas. The third column, which probably gives the best indication of what has been happening, suggests to me a considerable under-notification of cases in 1946, and some over-notification in 1947, the first major epidemic year. From 1950 onwards there is some indication of declining fatality, but there is the possibility that some of this may be due to increasingly complete notification. 
